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COMPLETE SPECIFICATION 

Electrical Device Enclosure and Method 

We, Corning Glass Wouks, a corpora- (f) disposing a metallic sheet on the other 

tion organised under the laws cf the State of said opposite surfaces of said ring, and 

of New York, United States of America, of (g) thereafter hermetically bonding said 

Corning, New York, United States of sheet to said ring at a temperature less than 

5 America, do hereby declare the invention, for 250°C. at the electrical device. 45 

which we pray that a patent may be granted According to another aspect of the present 

to us, and the method by which it is to be invention, there is provided an enclosed elec- 

performed, to be particularly described in and trical device comprising: — 

by the following statement: — (a) a dielectric substrate having the elec- 

10 This invention relates to an enclosure for an trical device disposed thereon, 50 

electrical device and a method of manufactur- (b) a metallic ring having two opposite 

ing the same. The invention is particularly surfaces, 

but not exclusively a method of f orming a (c) a bond between said ring and said sub- 
hermetic seal about a thin film microcircuit strate comprising a film of vitreous material 

15 without deleteriously affecting the circuit having a different composition from the di- 53 

components. electric substrate fused to both said substrate 

According to one aspect of the present in- and one of said opposite surfaces, said vitreous 

venticn, there is provided a method of en- material having a coefficient of thermal ex- 

closing an electrical device, the method pansicn which is matched with that of said 

20 comprising the steps of : — substrate and a softening temperature less than 60 

(a) providing a dielectric substrate having the melting temperature of the substrate 
the electrical device disposed thereon, and -ring materials, and 

(b) providing a metallic ring having two (d) a metallic sheet hermetically bonded to 
opposite surfaces, the other of said opposite surfaces of said 

25 (c) applying an adherent film of vitreous ring. 65 
material having a different composition from For a better understanding of the inven- 
the dielectric substrate to one of said opposite tion and to show how the same may be car- 
surfaces, said vitreous material having a co- ried into effect, reference will now be made 
efficient of thermal expansion which is by way of example to the accompanying 

30 matched with that of said substrate and a drawings which show preferred embodiments 70 

softening temperature less than the melting of the invention, and in which: — 

temperature of the substrate and ring Figure 1 is an exploded perspective view of 

materials, the components which comprise the enclosure 

(d) disposing said ring on the substrate sur- of the present invention, 

35 rounding the electrical device with said film Figure 2 is a side elevation illustrating 75 

adjoining said substrate to" form an asseirbly, bonding of a metallic ring to a dielectric 

(e) applying heat and pressure to said substrate, 

assembly to fuse said film to said substrate Figure 3 is a perspective view illustrating 

forming a hermetic seal between said ring and the adjustment of the value of resistance of a 

40 said substrate, film resistor prior to encapsulation, 80 
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Figure 4 is a side elevation illustrating en- 
capsulation of an electrical device, and ^ 

Figure 5 is a plan view of an electrical 
device encapsulated in accordance with the 

5 present invention. . . 

For the purposes of simplicity this inven- 
tion will be described in terms of encapsulat- 
ing' a thin film rnicrodrcuit although, as wiU 
be° readily understood by one familiar with 

10 the art, other devices can be similarly her- 
metically encapsulated. 

Referring to Figure 1, a thin film micro- 
circuit unit 10 is illustrated having circuit 
contact plates 12 and 14, and a thin film resis- 

15 tor 16 formed on substrate 18. Film resistor 
16 is formed with a resistance value less than 
that ultimately desired by leaving a portion 
20 of the resistance film unpattemed so that 
the length to width ratio of the total resist- 

20 ance path may thereafter be increased to pro- 
vide the resistance value desired. The resist- 
ance film may be formed of metallic oxides or 
the like. For a clear understanding of such 
resistance films, their characteristics;, and one 

25 example of their application, reference is made 
to U.S. Patents Nos. 2,564,705 and 2^64,707 
issued to John M. Mochel. The method of 
forming such circuits do not from part of 
the present invention and any suitable method, 

30 known to one familiar with the art, may be 
employed. The substrate materials may be any 
suitable dielectric material such as alumina, 
glass, ceramic, glazed metals, glazed ceramic, 
devitrified glass, or a combination thereof and 

35 one familiar with the art can readily select 
a suitable substrate, 

A metallic ring 22 having an adherent film 
or coating 24 of vitreous glazing material is 
also shown in Figure 1. A particularly suit- 

40 able material for ring 22 is aluminium. How- 
ever, other materials such as copper, ^nickel 
and stainless steel may be used. The vitreous 
glazing material may be sprayed on in molten 
fcrm, applied as a frit and then fired or ad- 

45 hered to the metallic ring by other conven- 
tional means, and one familiar with the art 
can readily select a suitable method for 
applying the glazed coating. The vitreous 
glazing material must have a coefficient of 

50 thermal expansion which is matched with that 
of the substrate material, that is sufficiently 
close to that of the substrate material so that 
when the coated ring is sealed to the substrate 
excessive stresses will not be set up within 

55 the glazing material upon cooling. Such ex- 
cessive stresses .cause the glazing material to 
check or crack making a hermetic seal im- 
possible. In addition, the glazing material 
must adhere well to both the ring of sub- 

60 strate, and must have a high resistivity and 
low dielectric constant. The preferred material 
for sheet 26 is aluminium. However, other 
materials sealable to ring 22, such as the 
materials listed for ring 22, may also be used. 

65 A metallic cover plate 26 is shown disposed 



adjacent ring 22. The opposite faces of the 
plate 26 and the ring 22 are flat in the illus- 
trated embodiment. 

Examples of some suitable glazing material 
compositions include those of the type des- 70 
cribed in our copending Patent Applcation No. 
40638 of 1965 (Serial No. 1,078,328). These 
compositions comprise, in per cent by weight 
on an oxide basis, from 60% to 80% PbO, 
from 5% to 18% TiOz, at least 1% BX> 3 , 75 
and at least 5% SiO^, the total B*0 3 and SiO* 
being from 10 to 20%. These compositions 
may optionally comprise from a trace up to 
20% of at least one of the divalent metal 
oxides BaO and ZnO, the total of the di- 80 
valent metal oxides, including PbO, being 
from 60% to 80%. Compositions especially 
suitable for the present purposes are those 
containing from 10% to 13% of TK> 3 . 

Referring to Figure 2, microcircuit unit 85 
10 is shown disposed on an anvil or rigid 
support 28 with ring 22 and its adherent coat- 
ing 24 placed adjacent the microcircuit side 
of substrate 18. A heated tool 30 is caused to 
contact ring 22 and exert a force in the 90 
direction of the arrow shown, fusing coat- 
ing 24 to substrate 18 and contact plates 
12 and 14. Such fusing forms a hermetic 
seal between ring 22 and rnicrodrcuit unit 10. 
Tool 30 may be heated by any method well 95 
known in the art, such as for example, in- 
duction heating. When desired, support 28 
may be suitably cooled to remove some of 
the heat conducted to substrate 18 during the 
fusing process thereby minimizing any dele- 100 
tericus effects to the rnicrodrcuit element 
which may result from excessive heating. 

After the fusing step, the values of the elec- 
trical properties of the circuit elements may 
be adjusted, as for example, by increasing the 105 
length to width ratio of resistor 16 by re- 
moving part of unpattemed portion 20 of the 
resistance film with a precision sand blast 
stream produced by nozzle 32, as illustrated in 
Fi<nire 3. It is also contemplated, that the 110 
circuit elements may be formed on substrate 
18 or attached to a partially applied circuit 
at this time. Transistors, capadtors, and the 
like are examples of suitable electrical com- 
ponents which may be attached to partially 115 
formed circuits. 

After the circuit is suitably adjusted or 
compensated and all elements are attached 
thereto, it is in condition for final encapsula- 
tion as illustrated in Figure 4. The assembly 120 
as described in connection with Figure 3 is 
placed on an anvil or rigid support 34. Sheet 
26 is placed on ring 22 and an ultrasonic 
bonding tool 36 is brought in contact there- 
with. Sheet 26 is then hermetically cold 125 
bonded to ring 22 by means of ultrasonic 
energy in a manner well known in the art- 
Such ultrasonic bonding "does not signific- 
antly raise the temperature of the device. 
Other methods of forming a cold bond may 130 



1,160,753 



3 



also be used, as for example, soldering, weld- 
ing, diffusion (bonding, and the like. By a 
cold bond is meant one that is formed at a 
temperature less than about 250° C. at the 
5 device. In the two step encapsulation method 
of the present invention any deleterious effects 
to the device elements brought about by the 
fusion of coating 24 to unit 10 are removed 
during the adjustment or compensation step 
10 prior to the cold bonding encapsulation step, 
thereby resulting in an electrical device hav- 
ing the precise electrical values desired. 

Figure 5 illustrates a completed device 38. 
Contact plates 12 and 14 are shown extend- 
15 ing beyond the edges of sheet 26 so that 
contact may be made with the encapsulated 
circuit element 

A typical example of this invention is illus- 
trated by the following. Vitreous glazing 
20 material having a thickness of about 5 mils 
and comprising ty weight of about 68% 
PbO, 12% TiO* 8% SiO*, 5% ZnO, and 
7% B 2 O s was adherently applied to one mat- 
ing surface of an aluminium ring having a 
25 thickness of about 3 mils, forming a coating 
thereon. The glaze was applied by forming a 
layer of a frit of the material on the mating 
surface and thereafter firing the composite 
structure in a furnace at 620° C for 20 
SO minutes. A metallic oxide film resistor, hav- 
ing a resistance value less than that ulti- 
mately desired, together with silver contact 
plates, was applied to a glazed alumina sub- 
strate. A low resistance was obtained by leav- 
35 ing a portion of the film unpatterned. 

The substrate was placed on a rigid sup- 
port and the coated ring was disposed there- 
on surrounding the film resistor with the 
ccated surface adjacent the substrate. A 
40 pressing tool was inductively heated to a tem- 
perature of from about 5CO°C to 550° C. 
and brought into contact with the aluminium 
ring. A pressure of about 285 PSI was applied 
by the tool to the assembly so formed for 
45 about two minutes by means of a press con- 
nected to the tool. The resistance of the film 
resistor was thereafter measured and the length 
to width ratio of the film increased by cut- 
ting a groove in the unpatterned portion. 
50 thereof with a sandblast stream. When the 
desired value of resistance was reached, the 
cutting was stopped, the assembly was placed 
on a rigid support, and a sheet of aluminium 
having a thickness of about 3 mils was dis- 
55 posed on a second mating surface of the 
aluminium ring. An ultrasonic bonding tool 
was then brought in contact with the sheet, 
ultrasonically bonding it to the ring there- 
by forming a hermetic seal therebetween. 
60 The resulting encapsulated device was 
found to be hermetically sealed and to have 
predetermined desired values of electrical pro- 
perties and characteristics. 

Another example of the present invention 
65 is illustrated by an assembly wherein the 



substrate was 'formed of beryllia, a 5 mil 
thickness of vitreous material glaze was 
applied to a 3 mil thick copper ring, and a 3 
mil thick copper cover sheet was provided. 

Other examples of particularly suitable 70 
combinations . of materials' are an aluminium 
ring and cover sheet with a substrate of un- 
glazed alumina, beryllia, glass, or devitrified 
glass; and a copper ring and cover sheet with 
a substrate of devitrified glass, or glazed 75 

Or Unglazed al umina 

WHAT WE CLAIM IS: — 

1. A method of enclosing an electrical de- 
vice, the method comprising the steps of: — 

(a) providing a dielectric substrate having 80 
the electrical device disposed thereon, 

(b) providing a metallic ring having two 
opposite surfaces, 

(c) applying an adherent film of vitreous 
material having a different composition from 85 
the dielectric substrate to one of said oppo- 
site surfaces, said vitreous material having a 
coefficient of thermal expansion which is 
matched with that of said substrate and a 
softening temperature less than the melting 90 
temperature of the substrate and ring 
materials, 

(d) disposing said ring on the substrate sur- 
rounding the electrical device with said film 
adjoining said substrate to form an assembly, 95 

(e) Applying heat and pressure to said 
assembly to fuse said film to said substrate 
forming a hermetic seal between said ring 
and said substrate, 

(f) disposing a metallic sheet on the other 10O 
of said opposite surfaces of said rings, and 

(g) thereafter hermetically bonding said 
sheet to said ring at a temperature less than 
250-° C at the electrical device. 

2. A method according to claim 1, further 105 
comprising the^, steps of adjusting the value 

of an electrical property of said device to a 
predetermined value, after forming the her- 
metic seal between said ring and said sub- 
strate and prior to disposing said sheet on no 
said ring. 

3. A method according to claim 1 or 2, 
wherein said sheet is sealed to said ring by 
ultrasonic energy. 

4. A method according to any preceding H5 
claim, wherein said vitreous material com- 
prises, in per cent by weight, from 60% to 
80% PbO, from 5% to 18% TiOj, at least 

1% B,O a , and at least 5% SiO;*, the total of 
BoQa plus Si0 2 being from 10% to 20%. 120 

5. A method according to claim 4, where- 
in said vitreous material further comprises, 
in per cent by weight, from a trace to 20% 
of at least one of the divalent metal oxides 
BaO and ZnO, the total of divalent metal 125 
oxides, including PbO, being from 60% to 
80%. 

6. A method according to claim 4 or 5, 
wherein the proportion of H0 2 in said 
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vitreous material is from 10% to 13% by 
weight. 

7. A method according to any preceding 
claim, wherein said substrate is of alumina. 
5 S. A methcd according to any preceding 
claim., wherein said ring is of aluminium. . 

9. A method according to any preceding 
claim, wherein said sheet is of altiminium. 

10. A method according to any preceding 
10 claim, wherein said substrate, said opposite 

surfaces of said ring and said sheet are flat. 

11. A method of forming an enclosure, the 
method comprising the steps of: — 

(a) providing a dielectric substrate, _ 
15 (b) providing a metallic ring having two 
opposite surfaces, 

(c) applying an adherent film of vitreous 
material having a different composition from 
the dielectric substrate to one of said opposite 

20 surfaces, said vitreous material having a co- 
efficient of thermal expansion which is 
matched with that of said substrate and a 
softening- temperature less than the melting 
temperature of the substrate and ring 

25 materials, 

(d) disposing said ring on the substrate 
with said film adjoining the substrate to form 
an assembly, 

(e) applying heat and pressure to said 
30 assembly to fuse said film to said substrate 

forming a hermetic seal 'between said ring 
and said substrate. 

(f) disposing a metallic sheet on the other of 
said opposite surfaces of said ring, and 

33 (g) thereafter bonding said sheet to said ring 
at a temperature less than 250°C 

1Z A method cf enclosing an electrical de- 
vice, substantially as hereinbefore described 
with reference to the accompanying drawings. 

40 13. An enclosed electrical device compris- 
ing: — 

(a) a dielectric substrate having the elec- 
trical device disposed thereon, 

(b) a metallic ring having two opposite 
45 surfaces, 

(c) a bond between said ring and said sub- 
strate comprising a film of vitreous material 
having a different composition from the di- 
electric substrate fused to botb said substrate 

50 and one of said opposite surfaces, said vitreous 
material having a coefficient of thermal ex- 
pansion which is matched with that of said 
substrate and a softening temperature less 
than the melting temperature of the substrate 

55 and ring materials, and 

(d) a metallic sheet hermetically bonded to 
the other of said opposite surfaces of said ring. 

14. An enclosed electrical device according 



to claim 13, wherein said substrate is of 
alumina. 60 

15. An enclosed electrical device according 
to claim 13 or 14, wherein said ring is alumi- 
nium. 

16. An enclosed electrical device according 

to claim 13, 14 or 15, wherein said sheet 65 
is of aluminium. 

17. An enclosed electrical device accord- 
ing to any one of claims 13 to 16, wherein, 
safd substrate, said opposite surfaces of said 
ring and said sheet are flat. ^ 70 

18. An enclosed electrical device accord- 
ing to any one of claims 13 to 17, wherein 
said vitreous material comprises, in per cent 
by weight, from 60% to 80% PbO, from 
5% to 18% TiO-, at least 1% of B £ 0 3 , and 75 
at least SiO* the total of BjQ* plus SiO s being 
from 10% to 20%. 

19. An enclosed electrical device according 
to claim 18, wherein said vitreous material 
further comprises, in per cent, by weight, 80 
from a trace to 20% of at least one of the 
divalent metal cxides BaO and ZnO, the total 

of divalent metal oxides, including PbO, be- 
ing from 60% to 80%. 

20. An enclosed electrical device accord- 85 
ing to claim 18 or 19, wherein the proportion 

of Ti0 2 in said vitreous material is from 10% 
to 13% by weight. 

21. An enclosure comprising: — 

(a) a dielectric substrate, m _ 90 

(b) a metallic ring having two opposite 
surfaces, . , , 

(c) a bond between said ring and said sub- 
strate comprising a film of vitrous material 
having a different composition from the di- 95 
electric substrate fused to both said substrate 
and one of said opposite surfaces, said 
vitreous material having a coefficient of ther- 
mal expansion which is matched with that of 
said substrate and a softening temperature 100 
less than the melting temperature of the sub- 
strate and ring materials, and 

(d) a metallic sheet hermetically bonded to 
the ether of said opposite surfaces of said 
ring. 105 

22. An enclosed electrical device substan- 
tially as hereinbefore described with reference 
to the accompanying drawings. 

ELKINGTON & FIFE, 
Chartered Patent Agents, 
High Holborn House, 
52_54, High Holborn, 
London, W.C.I, 
Agents for the Applicants. 
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